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FOREWORD

This report was prepared by the Polymer Branch of the Nonmetallic Materials Division.
The work was initiated under Project No. 7342, "Fundamental Research on Macromolecular
Materials and Lubrication Phenomena," Task No. 734203, "Fundamental Principles De-
termining the Behavior of Macromolecules," and the research was conducted with Dr. M. T.
Gehatia acting as project scientist. The work was administered under the direction of the
Air Force Materials Laboratory, Directorate of Laboratories, Air Force Systems Command,
Wright-Patterson Air Force Base, Ohio.

This report covers research conducted from January 1964 to October 1967. The manuscript
was released by the author in December 1967 for publication as a technical report.

This technical report has been reviewed and is approved.

WILLIAM E. GIBBS
Chief, Polymer Branch
Nonmetallic Materials Division
Air Force Materials Laboratory
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ABSTRACT

A new thermostat for high temperature light scattering measurements has been con-
structed. It is composed of the following majorparts: (1.) metal housing; (2.) glass container
with fused optical windows to contain the bath liquid; and (3.) cell adapter which also serves
as a heat exchanger.

Previously designed thermostats consisted only of a metal cylinder containing a constant
temperature liquid and a cell with the sample under investigation. The optical windows were
glued or cemented to the wall. Such a thermostat cannot be used for experiments at high
temperatures because no known chemical adhesive can resist hot corrosive liquids used as
constant temperature liquids. Therefore, in the new thermostat the liquid container was
constructed as a separate part, fabricated entirely from glass without any glue or cement,
while other parts were fabricated from metal. This new assembly can be used for light
scattering measurements up to 350°C.

This abstract may be further distributed by any holder only with specific prior approval
of the Air Force Materials Laboratory (MANP), Wright-Patterson Air Force Base, Ohio
45433.
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INTRODUCTION

A light scattering apparatus is primarily used to measure the intensity distribution of
light scattered from dilute polymer solutions, the ultimate aim being to determine the
conformations and sizes of the molecules in solution.

A special precision light scattering apparatus has been constructed in this laboratory.
The optical design is similar in principle to that described by McIntyre and Doderer (Ref-
erence 1). The mechanical arrangement, described by Katz (Reference 2) was initially
constructed by the Mellon Institute (Reference 3) and later modified by this laboratory
(Figures 1 and 2). The apparatus is comprised of:

1. Two light sources located on separate benches (Figure 3): (a) A mercury vapor lamp
mounted on the main optical bench, and (b) A laser mounted on an additional, upper
optical bench.

2. An optical system which highly collimates the monochromatic beam coming from the
mercury lamp and focuses it in the light scattering cell. Another collimating lens
which can be used to deflect the laser beam coming from the upper bench toward the
sample cell (Figure 4) is placed on an adjustable turret.

3. Optics which deflect the laser beam toward the prism placed on the turret.

4. A chopper for periodically interrupting the light beam.

5. A beam splitter, which deflects a fraction of the primary beam to a monitoring photo-
multiplier. This beam serves as a reference which can be compared to the scattered
light.

6. A thermostat containing solution cell and constant temperature liquid, which is the
main subject of this report.

7. A detector revolving precisely around the vertical axis of the solution cell and focused
on its center.

8. Electrical components which compare signals generated by the monitoring and the
detecting photomultipliers.

The thermostat was originally a cylindrical metal housing. The sample cell was placed in
the center of the housing and immersed in a constant temperature liquid. The optical windows
were cemented to holes cut in the housing wall. Such a thermostat could not be used for
measurements at high temperatures because all chemical adhesives tried were deleteriously
affected by the hot bath fluids. At elevatedtemperatures, the adhesives became soft and caused
optical disalignment of the windows. With further increase of temperature, the thermostat
developed leaks.

Therefore, another high temperature thermostat has been constructed. It is composed of the
following components: Glass container, metal housing, cell adapter, and lid (Figures 5-8).
This thermostat does not require any chemical adhesives, and it can be used to temperatures
of 3500C.

A detailed description of the new thermostat will be given in the following discussion.

1
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THE GLASS CONTAINER

The body of the glass container (Figures 9 and 10) was built from a 5-inch-diameter Pyrex
jar. Two 1-inch-diameter glass tubes were symmetrically fused horizontally on opposite
sides of this jar. A circular window was carefully fused to each side tube. The following
conditions were necessary:

1. The windows had to retain their optical homogeneity.

2. The windows had to be placed such that their faces are normal to a horizontal line
which would represent the,,light beam.

Unfortunately, a glassblower cannot always fulfill the second condition with adequate pre-
cision. Therefore, several such jars were fabricated, and proper ones selected. The most
precisely aligned window was placed to face the incident beam. Finally, a glass drain was
also fused near the bottom of the jar to facilitate draining the bath fluid. It was equipped with
a Teflon Swagelock fitting.

THE HOUSING

The housing (Figures 7 and 8) was fabricated from brass and was anodized black. Since
this unit serves as a jacket for the glass container, it is similarly constructed with a vertical
cylinder and two horizontal symmetrical side tubes. A horizontal slot covering about one-
half the thermostat circumference has been milled in the wall between the side tubes. The
housing can be dismantled into two parts along a horizontal plane intersecting the side tubes
along their diameters (one version), or along a vertical plane perpendicularly intersecting
the common axis of these side tubes (another version) to facilitate insertion of the glass con-
tainer. Flanges with threaded holes along the matching edges of both parts are provided
which can be separated or joined by screws (Figure 11). An additional hole near the bottom
of the housing accommodates the glass drain tube. A layer of thermal insulation is placed
between the housing and the glass container. Two more holes are drilled near the upper edge
of the housing for fittings which allow circulating liquid to flow to and from the adapter (see
details in "The Adapter").

The upper edge of the housing is provided with pins which support the cell adapter (see
details below).

There are more accessories for optical alignment (see details in "The Optical Alignment"),
such as replaceable vertical slits in the housing side tubes.

THE CELL ADAPTER

The cell adapter (Figures 12 and 13) is constructed from two brass cylinders. The outer
dimensions of the smaller cylinder match the inner dimensions of the larger one. A system
of connecting grooves was milled out of the inner surface of the larger (outer) cylinder
(see pattern in Figure 14). The smaller cylinder was then inserted in the larger one and silver
soldered. The cell adapter was also anodized black. The thermostatted liquid circulates under
pressure through this system of channels, thereby, also making the cell adapter an efficient
heat exchanger. A horizontal slot was milled out of the wall to match the previously described
horizontal slot of the housing.

2
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The cell adapter is provided with a flange around the outside upper edge. This flange rests
rigidly on the housing's upper edge and its position is fixed by pins protruding upward from
the housing. The main body of the adapter is suspended, being supported by the glass con-
tainer. This system gives good thermal control of the sample cell inserted into the adapter.
To increase the efficiency of thermal equilibrium around the sample cell, holes were drilled
in the bottom of the adapter (Figure 15), to permit free movement of the liquid to and from
the glass container.

A sample cell carrying base is located on the bottom of the adapter. It can be turned around
the axis of symmetry of the cylindrical adapter, and leveled by adjusting three screws on its
periphery, which press upon the bottom of the adapter. By this means the sample cell can be
optically aligned.

THE LID

The lid (Figures 16 and 17) was fabricated from brass and covered with a layer of thermal
insulation. It was anodized or painted black. It rests rigidly on the upper edge of the cell
adapter and is fixed by screws. The lid carries two vertical tubes to prevent the thermometer
and stirrer from reflecting light within the thermostat. An opening in the middle of the lid
is provided for inserting or removing the cell during the experiment without having to dis-
mantle any other part of the thermostat. This opening is covered by an additional smaller lid.

OPTICAL ALIGNMENT

The optical arrangement of the thermostat assembly must provide for entrance of the
incident beam, emergence of the transmitted beam, and evaluation of the light scattered from
esentially 0 to 180 degrees of the incident beam in a plane horizontal to the beam path. Hence,
provisions were made for the entrance and exit windows and for a horizontal slot covering
about one-half the thermostat circumference, through which a photomultiplier can scan the
scattered light in the plane of the incident beam. All parts of the assembly must be optically
aligned.

The optical alignment of the housing can be accomplished in the following way: At first,
the entire base carrying this housing is shifted across the bench to make the beam (a ray of
light) pass through centers of vertical slits inserted in the side tubes of the housing. Then
the base; being composed of two parts, with a threaded screw between them, is turned until
the housing reaches approximately the proper height and angle. The fine adjustment of height
and leveling is accomplished by adjusting a set of three screws fixed to the base which press
against corresponding grooves milled out in the bottom of the housing.

The glass container rests upon a disc supported by another set of three screws fixed to the
bottom of the housing (Figure 18). They control the height and leveling of the container. The
container is now carefully moved on its disc to make its vertical axis match the corresponding
axis of the housing. This position is then fixed by screws with rubber ends inserted in the
jacket wall. Finally, the angular position of the container is controlled by adjusting screws in
the housing's side tubes.

Two small horizontal tubes are screwed from inside into threads milled out in the circular
openings of the adapter. The front tube contains a slit to shield the cell from stray light. In
the rear tube an absorbing glass is placed at an angle which attenuates reflection of the primary
beam and deflects it upwards. The cell can be also aligned by adjusting screws inserted into
the base.

This thermostat is capable of operation up to 3500C. Above this limit, the silver soldered
joints may melt.

3
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Figure 5. Longitudinal Cross Section of the New Thermostat
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Figure 6. Cross Section of the New Thermostat by a Plane Perpendicular
to the Bench
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Figure 7. View of the New Thermostat on the Optical Bench (Version Two)
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Figure 8. View of the New Thermostat Outside the Bench (Version One)
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Figure 12. View of the Cell Adapter and Additional Parts
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Figure 13. The Cell Adapter and the Glass Container
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Figure 15. Bottom and the Base Surrounded by the Cell Adapter
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Figure 16. The Main Lid and Smaller Lid (Tube of Propeller Shaft is Removed)
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Figure 17. The Lid on Top of the Cell Adapter and the Housing
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Figure 18. View of the Lower Part of the Housing
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